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@ Electrophoretic gel for separation and recovery of substances and its use. 

@ An electrophoretic gel comprising at least one 
crosslinked temperature-responsive polymeric com- 
pound having an LCST is disclosed. A method of 
separating and recovering substances involves con- 
ducting the electrophoresis of a sample containing 
substances to be separated using the electrophoretic 
gel at a temperature below the LCST, excising each 
portion of the gel containing the substance to be 
separated and raising the temperature of the excised 
portion to a temperature above the LCST to shrink 
the excised portion to recover the substances. 
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Field of Invention 



The present invention relates to an elec- 
trophoretic gel for the separation and recovery of 
substances. More particularly, it relates to an elec- 
trophoretic gel made of at least one crosslinked 
temperature-responsive polymeric substance hav- 
ing an LCST. The present invention also relates to 
a method of separating and recovering substances 
by using the electrophoretic gel. 

Background of the Invention 



Various methods for the separation and recov- 
ery of proteins, nucleic acids or their fragments are 
carried out by electrophoresis for the preparation of 
recombinant DNA, the cloning of DNA, the prepara- 
tion of antibodies, the determination of amino acid 
sequences, the mapping of peptides and the analy- 
sis of amino acids. For instance, a method of 
electrical elution which comprises excising the gel 
containing the substances separated by elec- 
trophoresis and re-exposing the gel thus excised to 
an electrical field to elute the substances from the 
gel, a blotching method which comprises superim- 
posing a filter paper or a nitrocellulose film on the 
gel containing the substances to be separated to 
transfer them to the carrier, a gel structuring meth- 
od which comprises crushing and pulverizing to 
extract the substances to be separated, and a gel 
dissolution method which comprises decomposing 
the crosslinks of the gel by a chemical reaction to 
elute off the substances in the gel, having been 
developed. However, these methods have been 
said to be disadvantageous in that numerous com- 
plicated recovery steps are required, the recovery 
rate is low and the sample is denatured. Particu- 
larly fatal is the low recovery rate when such meth- 
ods are used to separate and recover trace 
amounts of proteins or nucleic acids. 

On the other hand, solubilizable gels have 
been developed for the purpose of achieving a high 
recovery yield. When N,N'-methylenebisacrylamide 
is employed as the conventional crosslinking agent, 
the polyacrylamide gel thus obtained has to be 
solubillzed under a comparatively severe condition 
as in an aqueous 30% (w/v) hydrogen peroxide 
solution at 50 'C. However, the solubilizable gels 
can be dissolved in an aqueous solution under a 
comparatively mild condition. Typical gels are ones 
which can be obtained by crosslinking the 
polyacrylamides with a decomposable crosslinking 
agent such as N,N'-diallyltartardiamide, N,N'-{1,2- 
dihydroxyethylene)bisacrylamide,N,N'- 
bisacrylcystamine and ethylene diacrylate. A meth- 
od which comprises separating substances by 
electrophoresis using the above described gel, ex- 
cising each portion containing said substances, re- 



spectively, and solubilizing the excised portions of 
the gel by oxidation, reduction or hydrolysis to 
elute the substances in the gel, has been devel- 
oped. However, the problem with this method is 

5 that the separated proteins or nucleic acids have to 
be re-separated from the solubilized gel. Particu- 
larly at the time when the gel is solubilized, even if 
100% recovery yield is possible, the yield of recov- 
ery may be disadvantageously decreased in the 

70 later step of the separation from the solubilized gel 
[for example, see D. C. FIter and S. S. Tevethia: 
Virology. 117:267-270 (1982)]. 

Thus, even when the conventional method is 
employed for the separation of substances by elec- 

15 trophoresis, it is very difficult to recover the sub- 
stances from the gel by a simple method and at a 
high recovery yield. 

Objects 

20 

An object of this invention is to provide a novel 
electrophoretic gel for the separation and recovery 
of substances which avoids the above described 
problems associated with the conventional elec- 

25 trophoretic methods. 

Another object of this invention is to provide a 
novel method for the separation and recovery of 
desired substances such as proteins and nucleic 
acids at a high recovery yield which method em- 

30 ploys such an electrophoretic gel. 

Definition 

The term "LCST" is used herein to mean a 
35 lower critical solution temperature which is a transi- 
tion temperature of a temperature-responsive poly- 
meric compound between hydration and dehydra- 
tion. 

40 SUMMARY OF THE INVENTION 

The electrophoretic gel for the separation and 
recovery of substances in accordance with the 
present invention comprises at least one crosslin- 
ks ked temperature-responsive polymeric compound 
having an LCST. 

In another aspect of the invention, the elec- 
trophoretic gel for the separation and recovery of 
substances comprises at least one decomposable 
50 crosslinked temperature-responsive polymeric 
compound having an LCST. 

In a further aspect of the invention, a method of 
separating and recovering substances comprises 
the steps of: 

55 (a) conducting electrophoresis of a sample con- 
taining substances to be separated using an 
electrophoretic gel for the separation and recov- 
ery of substances which gel is made of at least 
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one crosslinked temperature-responsive poly- 
nneric connpound having an LOST at a tempera- 
ture below said LCST; 

(b) excising or removing eacli portion of tlie gel 
containing the substance to be separated; 

(c) shrinking the excised portion of the gel by 
raising the temperature of the excised portion to 
a temperature above the LCST of said gel to 
recover said substances. 

In a still further aspect of the invention a meth- 
od of separating and recovering substances com- 
prises the steps of: 

(a) conducting electrophoresis of a sample con- 
taining substances to be separated using an 
electrophoretic gel for the separation and recov- 
ery of substances which gel is made of at least 
one decomposable crosslinked temperature-re- 
sponsive polymeric compound having an LCST 
at a temperature below said LCST; 

(b) excising each portion of the gel containing 
the substance to be separated; 

(c) decomposing the crosslinks in said gel by 
oxidation, reduction or hydrolysis; 

(d) precipitating the decomposed temperature- 
responsive polymeric compound by raising the 
temperature of said gel to a temperature above 
the LCST of the gel; and 

(e) removing the temperature-responsive poly- 
meric compound thus precipitated to recover 
said substances. 

DETAILED EXPLANATION OF THE INVENTION 

The electrophoretic gel for the separation and 
recovery of substances in the present invention 
employs at least one crosslinked temperature-re- 
sponsive polymeric compound. 

The crosslinked temperature-responsive poly- 
meric compound may also be decomposable by 
oxidation, reduction or hydrolysis. 

A temperature-responsive polymeric compound 
shows, in the presence of water, hydrophobicity at 
a temperature higher than the LCST and changes 
to show hydrophillcity at a temperature below the 
LCST, and such a change is characterized by 
being thermally reversible. 

Change of state of the temperature-responsive 
polymer compounds is said to be caused by hy- 
dration and dehydration. This has been explained 
by Haskins, M., et al. in J. Macromol. Sci. Chem. , 
A2 (8), 1441, 1968. using as the sample the poly- 
(TsT-isopropylacrylamide) (hereinafter "PNIPAAm") 
which is one of such polymeric compounds. 
PNIPAAm is a polymeric compound which has a 
negative temperature coefficient of solubility. 
PNIPAAm shows hydrophilic property at a lower 
temperature because a hydrate, I.e. oxonium hy- 
droxide, which depends on the hydrogen bond of 



PNIPAAm molecule and water molecule is formed 
at low temperatures. However, because the ox- 
onium hydroxide degrades and dehydrates when 
temperature is raised above the LCST, the 

5 PNIPAAm molecule becomes hydrophobic and ag- 
gregates and precipitates as a result. 

In the present invention it is preferred to use a 
temperature-responsive polymeric compound hav- 
ing its LCST at O'C to 90'C, preferably at 10'C 

70 to50*C. 

The temperature-responsive polymeric com- 
pound which can be used in the present invention 
is insoluble in water and remains in a solid state at 
a temperature above the LCST, and it becomes 

75 soluble In water in a reversible manner when tem- 
perature is lowered to a temperature below the 
LCST. 

Examples of such temperature-responsive 
polymeric compounds include poly-N-substituted 

20 acrylamide or methacrylamide derivatives and their 
copolymers, polyvinyimethyl ether, polyethyleneox- 
ide, etherized methylcellulose, and partially ac- 
etylated polyvinyl alcohol. Particularly preferred are 
poly-N-substituted methacrylamide or acrylamide 

25 derivatives and their copolymers, polyvinyimethyl 
ether, and partially acetylated polyvinyl alcohol. 

Preferred examples of such temperature-re- 
sponsive polymeric compounds are listed below. 
The LCSTs of these polymers rise with the se- 

30 quence of polymers listed below. 
Poly(N-acryloyl piperidine); 
Poly(N-n-propyl- methacrylamide); 
Poly(N-isopropyl acrylamide); 
Poly(N,N-diethyl acrylamide); 

35 Poly(N-isopropyl methacrylamide); 
Poly(N-cyclopropy! acrylamide); 
Poly(N-acryloyl pyrrolidine); 
Poly(N,N-ethylmethyl acrylamide); 
Poly(N-cyclopropyl methacrylamide); 

40 Poly(N-ethyl acrylamide). 

The above described polymers may be homo- 
polymers or copolymers with other monomers. Any 
hydrophilic monomers and hydrophobic monomers 
can be used as the monomers for copolymeriza- 

45 tion. Generally speaking, copolymerization with a 
hydrophilic monomer will raise the LCST, and 
copolymerization with a hydrophobic monomer will 
lower the LCST. With an appropriate selection of 
the monomers, a copolymer having a desired 

60 LCST can be obtained. 

Examples of suitable hydrophilic monomers are 
N-vinyl-pyrrolidone, vinylpyridine, acrylamide, 
methacrylamide, N-methyl acrylamide, hydrox- 
yethyl methacrylate, hydroxyethyl acrylate, hydrox- 

55 ymethyl methacrylate, hydroxymethyl acrylate, 
acrylic acid and methacrylic acid and their salts, 
vinylsulfonic acid and styrylsulfonic acid and their 
salts, vinylsulfonic acid, styrylsulfonic acid, and 
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N,N-dimethylanninoethyl methacrylate, N,N- 
diethylaminoethyl methacrylate, and N,N- 
dimethylaminopropyl acrylamide and their salts, 
but the present invention is not linnited to these 
conrtpounds. 

Examples of suitable hydrophobic monomers 
are acrylate or methacrylate derivatives such as 
ethyl acrylate, methyl methacrylate and glycidyl 
methacrylate; N-substituted alkyi acrylamide or 
methacrylamide derivatives such as N-n-butyl ac- 
rylamide or methacrylamide; vinyl chloride; ac- 
rylonitrile; styrene; and vinyl acetate but the 
present invention Is not limited to these com- 
pounds. 

The crosslinked temperature-responsive poly- 
meric compound which can be used as the elec- 
trophoretic gel in the present invention can be 
prepared by copolymerizing a bifunctional mon- 
omer with the monomer capable of giving the 
above described temperature-responsive polymer. 
Suitable examples of such bifunctional monomers 
include N.N'-methylenebisacrylamide, N,N'- 
methylenebismethacrylamide, ally! acrylate or 
methacrylate, ethylene glycol diacryiate or 
dimethacrylate, diethylene glycol diacryiate or 
dimethacrylate, triethylene glycol diacryiate or 
dimethacrylate, propylene glycol diacryiate or 
dimethacrylate, divinylbenzene, divinyl ether and 
bisphenol A diacryiate or dimethacrylate. 

Also, according to the present invention the 
crosslinked temperature-responsive polymeric 
compound which can be employed as the elec- 
trophoretic gel may be decomposable. Such de- 
composable crosslinked temperature-responsive 
polymeric compounds can be prepared by 
copolymerizing a bifunctional monomer having a 
decomposable linkage. 

The term "decomposable" is used herein to 
mean that the crosslinks formed in the gel can be 
decomposed with a minimum damage to the sub- 
stances to be separated and recovered, such as 
proteins and nucleic acids, by oxidation, reduction 
or hydrolysis. The decomposable linkages include 
a disulfide linkage, an ester linkage and an 
aminomethylol linkage. Suitable examples of such 
bifunctional monomers having a decomposable 
linkage which can be employed in the present 
invention includes N.N'-diallyltartardiamide, N,N'- 
(1 ,2-dihydroxyethylene)-bisacrylamide, N,N'- 
blsacrylcystamine, and ethylene diacryiate. 

The amount of the above described bifunc- 
tional monomer of two types which can be 
copolymerized with the monomer capable of giving 
the temperature-responsive polymer is typically 
about 0.005 to about 5% by weight, preferably 
about 0.1 to about 1% by weight based of the 
weight of the temperature-responsive polymeric 
compound. When the amount of the bifunctional 



monomer is less than 0.005% by weight based on 
the weight of the temperature-responsive polymeric 
compound, the mechanical strength of the gel is 
not sufficient and the separation yield decreases. 

5 On the other hand, amounts of more than 5% by 
weight based on the weight of the temperature- 
responsive polymeric compound decrease the de- 
gree of change in shrinking and swelling depending 
on the temperature of the gel to reduce the recov- 

70 ery yield of the substances. The gel of the present 
invention can be prepared by hydrating the 
copolymer after carrying out the bulk 
copolymerlzation of the monomer capable of giving 
a temperature-responsive polymeric compound 

75 with or without the above described hydrophilic 
monomer or hydrophobic monomer and the bifunc- 
tional monomer, or by the copolymerization of 
these monomers in water, preferably at a constant 
temperature below the LCST of the temperature- 

20 responsive polymeric compound, as used to obtain 
the conventional acrylamide gels used for elec- 
trophoresis. The latter method is preferred since 
the gel obtained as such can be provided with the 
electrophoresis. Although there is no particular re- 

25 striction on the type of polymerization method to 
be used herein, it is preferred to conduct the 
radical polymerization in water at low temperatures 
using a redox initiator system such as a combina- 
tion of ammonium persulfate and N,N,N'N'- 

30 tetramethylenediamine. 

The method of separating and recovering pro- 
teins or nucleic acids by using the gel as obtained 
above will now be explained. First, the proteins or 
nucleic acids are separated by the electrophoresis 

35 using the gel of the present invention. It is essential 
that the electrophoresis is carried out at a tempera- 
ture below the LCST of the crosslinked 
temperature-responsive polymer forming the gel, 
but the other procedures equivalent to the conven- 

40 tional slab electrophoresis can be used. Second, 
each portion of the gel containing the substance 
separated by the electrophoresis is excised from 
the gel. Third, the excised portion of the gel is 
shrunk by raising the temperature of the gel to a 

45 temperature above the LCST of the gel to recover 
the substance. It is also possible to successively 
repeat the procedure of swelling the excised por- 
tion of the gel by lowering the temperature of the 
gel to a temperature below the LCST of the gel and 

50 the procedure of shrinking the excised portion of 
the gel by raising the temperature of the gel to a 
temperature above the LCST of the gel at least 
twice to recover the substance at a higher recovery 
yield. 

55 When the decomposable crosslinked 

temperature-responsive polymeric compound is 
employed for the gel of the present invention, the 
method as shown below can be additionally em- 

4 
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ployed. 

First, the separation of proteins or nucleic acids 
is carried out by the electrophoresis using the gel 
nnade of at least one decomposable crosslinked 
tennperature-responsive polymeric compound at a 
temperature below the LOST of the polymeric com- 
pound. Second, each portion of the gel containing 
the substance separated by the electrophoresis is 
excised. Third, the crosslinks in each portion of the 
gel is decomposed by oxidation, reduction or hy- 
drolysis, preferably at a temperature below LCST 
of the decomposable crosslinked temperature-re- 
sponsive polymeric compound, to solubilize the gel 
in an aqueous solution. In this instance, when N,N'- 
bisacrylcystamine is employed as the bifunctional 
monomer, 2-mercaptoethanol is typically employed 
for the decomposition of the crosslinks in the gel 
by reduction. When N, N'-diallyltartardiamide or 
N,N'-(1,2-dihydroxyethylene)bisacrylamide is em- 
ployed as the bifunctional monomer, periodic acid 
is typically employed for the decomposition of the 
crosslinks in the gel by oxidation. When ethylene 
diacrylate is employed as the bifunctional mon- 
omer, an alkali is typically employed for the de- 
composition of the crosslinks in the gel by hydroly- 
sis. However, any other reactions which will not 
denature the substances to be separated can also 
be used to decompose the crosslinks in the gel. 
Fourth, the temperature of the aqueous solution 
containing the solubilized gel and the substance to 
be separated is raised to a temperature above the 
LCST of the decomposable crosslinked 
temperature-responsive polymeric compound to 
precipitate the decomposed temperature-respon- 
sive polymeric compound. Then, by removing the 
precipitated temperature-responsive polymeric 
compound the desired substance can be obtained 
at a high yield, A centrifugatlon method or a mem- 
brane filtration method can be used for the removal 
of the precipitated temperature-responsive poly- 
meric compound whose crosslinks have been de- 
composed. However, any other separation method 
can be used as long as they can recover the 
substance without its denaturation. 

The present invention is further explained by 
the following examples which are given for illustra- 
tive purposes and are not meant to limit the inven- 
tion. 

Example I 

A micro slab electrophoretic device (KS-8012, 
a product of Marisol Co. in Japan) was used for the 
preparation of a gel for the electrophoresis and for 
the electrophoresis of proteins. N- 
Isopropylacrylamide 1.5 g and N,N'-methylene 
bisacrylamide 0.0102 g were dissolved in 10 ml of 
a 0.375 M Tris-CI buffer solution (pH 8.8) and 



deaerated for 10 minutes by means of a water 
aspirator. Then, an aqueous 10% (w/v) ammonium 
persulfate solution 0.033 ml and N,N,N',N'- 
tetramethylenediamine 0.0033 ml were added to 

5 the solution and the resulting solution was poured 
into a space having a width of 8.5 cm and a height 
of 7 cm between two glass plates having a 1 mm 
spacer and a comb was inserted into the space. 
The assembly thus prepared was left to stand 

10 overnight in a thermostat at 20 °C in a nitrogen 
atmosphere to gel the solution. 

The gel thus obtained was fixed in the elec- 
trophoretic device and both the cathode and anode 
chambers were filled with a 0.025M Tris-0.192M 

75 glycine buffer solution having a pH of 8.4. As 
sample proteins bovine hemoglobin having a mo- 
lecular weight of 65,000 (hereafter "Hb") and horse 
heart myoglobin having a molecular weight of 
18,800 (hereafter "Mb") were used. 0.01 ml of a 1 

20 weight % solution of each protein was poured onto 
each well and electrophoresis was conducted for 
40 minutes by applying a constant current of 20 
mA to the gel. During the electrophoresis the tem- 
perature of the gel was kept at 20 "C, i.e., a tem- 

25 perature lower than 30 'C which is the LCST of 
poly(N-isopropylacrylamide). Mb having a greater 
molecular weight than Mb showed a smaller mobil- 
ity in the gel due to the molecular sieving effect. 
After the electrophoresis colored portions of the 

30 swollen gel (about 0.2 g) were excised, finely 
crushed and precisely weighed. After 0.1 ml of a 
67 mM phosphate buffer solution was added to the 
crushed gel, the gel three times alternatingly un- 
derwent shrinking at 37* C, i.e., a temperature high- 

35 er than the LCST of poly{N-isopropylacrylamide) 
and swelling at 4'C, i.e.. a temperature lower than 
the LCST of poly(N-isopropylacrylamide) and fi- 
nally by shrinking the gel at 37 'C, an aqueous 
solution discharged was collected and the amount 

40 of Hb or Mb in the solution was quantitatively 
analyzed by a protein assay kit (a product of Bio 
Rad Co., U.S.A.). As a result, it was confirmed that 
almost all the proteins employed in the elec- 
trophoresis were recovered. 

45 

Example II 

The procedures of Example I for obtaining the 
finely crushed gel were repeated except that N.N'- 

50 bisacrylcystamine 0.0102 g was employed instead 
of N,N'-methylenebisacrylamide. 

Then, 2 ml of a 67 mM phosphorate buffer 
solution containing 10% by weight of 2-mercap- 
toethanol were added to the crushed gel and 

55 stirred at 20 'C for 30 minutes to dissolve the gel. 
The temperature of the solution thus obtained was 
raised to 37 'C, i.e., a temperature higher than the 
LCST of poly(N-isopropylacrylamide) to precipitate 

5 
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the decomposed temperature-responsive polymeric 
compound and the polymeric compound was cen- 
trlfuged at 37 'C for 10 minutes (10,000 G). The 
amount of Hb or Mb in the supernatant liquid was 
quantitatively analyzed by a protein assay kit (a 
product of Bio Rad Co. in U.S.A.). As a result, 
almost all the proteins employed in the elec- 
trophoresis were recovered. 

Example III 

The procedures of Example II were repeated 
except that N,N'-diallyltartardiamine 0.0102 was 
employed instead of the N,N'-bisacrylcystamine 

0. 0102 g and 2 ml of 2% by weight of periodic acid 
were employed instead of the 2 ml of a 67 mM 
phosphate buffer solution containing 10% by 
weight of 2-mercaptoethanol. 

As a result, almost all the proteins employed in 
the electrophoresis were recovered. 

As would easily be understood from the above 
description of the invention, the desired sub- 
stances, especially proteins and nucleic acids, can 
easily and simply be recovered without any de- 
naturation of the substances at a high recovery 
yield by using the electrophoretic gel of the 
present invention. 

Claims 

1. An electrophoretic gel for the separation and 
recovery of substances comprising at least one 
crosslinked temperature-responsive polymeric 
compound having an LCST. 

2. The gel of Claim 1, wherein said crosslinked 
temperature-responsive polymeric compound 
is a copolymer of a monomer capable of giving 
a temperature-responsive polymeric compound 
having an LOST and a bifunctional monomer. 

3. The gel of Claim 2, wherein said crosslinked 
temperature-responsive polymeric compound 
is a copolymer of a monomer capable of giving 
a temperature-responsive polymeric com- 
pound, a hydrophilic monomer or a hydropho- 
bic monomer and a bifunctional monomer. 

4. The gel of Claim 2, wherein the amount of said 
bifunctional monomer is 0.005 to 5% by weight 
based on the weight of said crosslinked 
temperature-responsive polymeric compound. 

5. The gel of Claim 2, wherein said bifunctional 
monomer is selected from the group consisting 
of N,N'-methylenebisacrylamide, N,N'- 
methylenebismethacrylamide, allyl acrylate or 
methacrylate, ethylene glycol diacrylate or 



dimethacrylate, diethylene glycol diacrylate or 
dimethacrylate, triethylene glycol diacrylate or 
dimethacrylate, propylene glycol diacrylate or 
dimethacrylate, divinylbenzene, divinyl ether 
5 and bisphenol A diacrylate or dimethacrylate. 

6. The gel of Claim 2, wherein said monomer 
capable of giving a temperature-responsive 
polymeric compound having an LCST is se- 

70 lected from the group consisting of N-acryloyl 

piperidine, N-n-propyl methacrylamide N- 
isopropyl acrylamide, N,N-diethyl acrylamide, 
N-isopropyl methacrylamide, N-cyclopropyl ac- 
rylamide, N-acryloyl pyrrolidine, N,N-ethyl- 

15 methyl acrylamide, N-cyclopropyl 

methacrylamide and N-ethyl acrylamide. 

7. The gel of Claim 6, wherein said monomer is 
N-isopropyl acrylamide. 

20 

8. The gel of Claim 1, wherein said crosslinked 
temperature-responsive polymeric compound 
is decomposable by oxidation, reduction or 
hydrolysis. 

25 

9. The gel of Claim 8, wherein said crosslinked 
temperature-responsive polymeric compound 
is a copolymer of a monomer capable of giving 
a temperature-responsive polymeric compound 

30 having an LCST and a bifunctional monomer 

having a disulfide linkage, an ester linkage, or 
an amidomethylol linkage. 

10. The gel of Claim 9, wherein said bifunctional 
35 monomer is selected from the group consisting 

of N.N'-diallyltartardiamide, N,N'-(1,2-dihydrox- 
yethylene)-bisacrylamide, N,N'-bisacryl- 
cystamine and ethylene diacrylate. 

40 11. The gel of Claim 10, wherein said bifunctional 
monomer is N,N'-diallyltartardiamide. 

12. The gel of Claim 10, wherein said bifunctional 
monomer is N,N'-biacrylcystamine. 

45 

13. A method of separating and recovering sub- 
stances which comprises the steps of: 

(a) conducting electrophoresis of a sample 
containing substances to be separated us- 

50 ing an electrophoretic gel for the separation 

and recovery of substances which gel com- 
prises at least one crosslinked temperature- 
responsive polymeric compound having an 
LCST at a temperature below said LCST; 

56 (b) excising each portion of the gel contain- 

ing the substance to be separated; and 
(c) shrinking each excised portion of the gel 
by raising the temperature of the excised 
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portion to a temperature above the LCST of 
said gel to recover said substances. 

14. The method of Claim 13 further comprising the 
steps of: 

(d) swelling each excised portion of the gel 
by lowering the temperature of the excised 
portion to a temperature below the LCST of 
said gel after step (c); and 

(e) shrinking the excised portion by raising 
the temperature of the excised portion to a 
temperature above the LCST of said gel to 
recover said substances. 

15. The method of Claim 14, wherein step (d) and 
step (e) are alternatingly repeated at least 
twice. 

16. The method of Claim 13, wherein said crosslin- 
ked temperature-responsive polymeric com- 
pound is a copolymer of a monomer capable 
of giving a temperature-responsive polymeric 
compound having an LCST and a bifunctional 
monomer. 

17. The method of Claim 16, wherein said bifunc- 
tional monomer has a disulfide linkage, an 
ester linkage or an amidomethylol linkage. 

18. A method of separating and recovering sub- 
stances which comprises the steps of: 

(a) conducting electrophoresis of a sample 
containing substances to be separated us- 
ing an electrophoretic gel for the separation 
and recovery of substance which gel com- 
prises at least one decomposable crosslin- 
ked temperature-responsive polymeric com- 
pound having an LCST at a temperature 
below said LCST; 

(b) excising each portion of the gel contain- 
ing the substance to be separated; 

(c) decomposing the crosslinks in said gel 
by oxidation, reduction or hydrolysis; 

(d) precipitating the decomposed 
temperature-responsive polymeric com- 
pound by raising the temperature of said 
gel to a temperature above the LCST of the 
gel; and 

(e) removing the precipitated temperature- 
responsive polymeric compound to recover 
said substances. 

19. The method of Claim 18, wherein step (c) is 
carried out at a temperature below the LCST of 
the gel. 

20. The method of Claim 18, wherein said decom- 
posable crosslinked temperature-responsive 



polymeric compound is a copolymer of a mon- 
omer capable of giving a temperature-respon- 
sive polymeric compound having an LCST and 
a bifunctional monomer having a disulfide link- 
5 age, an ester linkage or an amidomethylol link- 

age. 
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